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ABSTRAC'l' 
Ceri thidea cal ifornica i:..; examined to det·~rmine the re~~und i :.;1 
of the parasitic trematode species in its gonad. Fiv1~ species of 
trematodes are studied ( Cloaci trema michicanen:;i ;; , Euhaplorchi~; 
cal i t'orniensi s, Parore his acanthus, !Iimas thla rhigedana, and AeanthoT:ar;,·p:. i ".!'~ 
np.). Their fecundity is determined by direct counts of rediae and estinm-
tion of the cercarial population. Correlations are shmm f'or trcrnatodt.: 
numbers and snail size. 
Incidences of infection are giv~n with regard to site, snuil 
size, and trematode species. Comparison ie1 mi'ide bet·ween infection t·atior; 
of' C. californica and another mar:;h snail, Batillaria zonalb. 
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Introduction 
Cerithidea californica Haldeman, the California hornshell, is 
an intermediate host for the larvae of several digenetic trematodes 
(Hunter, 1942; Martin, 1955). The adults of these parasites occur in 
the California gull, Larus californicus (tfurtin, 1972), which resides 
from Oregon to Baja California, and in the willet, Catoptrophorous 
semipalmatus (Robinson, 1952), which is ubiquitous in the western 
hemisphere. Uetacercariae occur in the Pacific killifish, Fundulus 
parvipennis (Martin and Steele, 1970), which is common on the mud-sand 
and mud beaches of estuaries in southern California. 
Taxonomic studies of the trematodes in C. californica are 
numerous (Martin, 1950 a, b, c, 1951, 1956; Martin and Gregory, 1951; 
Hartin and Adams, 1961; Adams and Martin, 1963), and some information 
on the location of the parasites in the snail and their seasonal 
fluctuations is available (Martin, 1955; Nadakal, 1960; Yoshino, 1975). 
Nothing is known about the population interactions between the host and 
its parasites. While mathematical models have been developed by 
ecologists (Pianka, 1974; Obrebski, 1975), there are few population 
studies available. Most ecologically important observations on effects 
of parasites concerning their hosts have been made in the laboratory 
(Mathies and Cart, 1957; Zischke, 1967; Lim and Lie, 1969; Donges, 1971; 
Lim and Heyneman, 1972). Noticeably, there are only a few papers on the 
fecundity of trematode larvae in snail hosts and the effects of host 
size on parasite reproduction (Noble and Noble, 1971). 
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The distribution of trematode infections and the effect of 
variation i~ the size of C. californica on trematode fecundity are 
reported in this study. The parasite ecology of trematodes in C. 
californica is compared to another salt marsh gastropod, Batillaria 
zonalis, at a common site. Also, the amount of work involved in the 
determination of parasite fecundity is discussed with regard to future 
studies of this type. 
Materials and Methods 
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Following a preliminary survey, three study sites were selected. 
Two of the sites were located in the upper reaches of the mud flats of 
Schooner Bay at the Pt. Reyes National Seashore. The Schooner Bay West 
(SBW) location was on the western side of the tidal stream that bisects 
the flat; the Schooner Bay East (SBE) site was on the eastern ~ide. The 
third study site was located at Millerton on Tomales Bay. 
Random samples were taken monthly from December, 1978, to 
February, 1979, from transects located at each site. Also, other 
samples were taken at SBE and SBW in February. Samples at SBE and SBW 
were collected using a 25cm2 quadrat, and at Millerton, a 10.16cm 
diameter polyvinyl chloride pipe was used. The difference in the 
collecting gear was due to the reduced area of the tidal creek and 
higher density of snails at Millerton. The snails were all found at the 
surface or slightly beneath the substrate. 
The length of the snails was measured from the tip of the 
siphonal canal to the apex of the shell with vernier calipers. The 
apex of f· californica and B. zonalis is characteristically worn, ~nd 
this can result in an inaccurate measurement (D. W. Taylor, personal 
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communication). However, the amount of erosion was not enough to 
seriously alter the measurements. The snails were checked for parasites 
by cracking the shell with a C-clamp and removing the paTt of the shell 
covering the gonad. The gonad was then removed and fixed in 10% 
formalin. Larval trematodes were identified using a Tiyoda compound 
microscope and a key to the cercariae of Cerithidea californica by 
Martin (1972). 
From the February collections, 20 parasitized gonads of C. 
californica were dissected, and the entire number of rediae and free 
cercariae were counted using a Nikon dissecting microscope and a hand 
tally counter. Then from each gonad, 20 rediae were randomly selected 
and measured by swirling the water in the petri dish in which they had 
been placed and measuring the one nearest to the center of the field 
after each swirl. The length and width of each redia were measured to 
the nearest 0.05mm using a calibrated ocular micrometer. These measure-
ments allowed for the computation of the approximate volume of each 
redia based upon the formula for the volume of a cylinder (~ x diameter2 
x height). For each redia measured, the number of cercariae were counted 
after teasing them out of the redial case using a tapered glass probe 
and a pair of watchmaker's forceps. 
If the gonads were allowed to remain in formalin for more than 
three weeks, the rediae tended to burst and release the cercariae. When 
this happened, the cercariae were much too numerous to count entirely. 
To av.oid this difficulty, the counts of cercariae in the rediae were 
made immediately after an infection was discovered. 
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Results 
Five types of trematode larvae were identified (Cloacitrema 
michiganensis, Euhaplorchis californiensis, Parorchis acanthus, 
Himasthla rhigedana, and Acanthoparyphium sp.) from the snails examined 
and their .incidence of infection was determined (Table I). All of the 
parasites were collected from gonadal tissue. In each case, the entire 
gonadal area contained larval trematodes and appeared swollen when 
compared to the gonads of non-parasitized snails. The color of infected 
gonads was gray or white while the non-infected gonads were yellow, 
green, or brown. No clues were evident from the external morphology 
of the parasitized snails to indicate the presence of parasites except 
that metacercariae were occasionally present on the snails' operculum. 
From the February samples, 20 gonads of parasitized snails were 
removed, and the rediae were counted and measured. The free cercariae 
were also counted from each gonad. Rank correlation coefficients, 
R* (Sakal and Rohlf, 1969; Orr,~ al, 1973), between volume of redia 
and number of cercariae per redia were positive and significant (p(.Ol) 
in all infections except for one infection of Parorchi~ acanthus (Ap-
pendix 1). The relationship between the number of rediae and snail size 
(Fig. 1) was positive and significant (p<.05). An estimate of the total 
number of cercariae and 95% confidence intervals for each species were 
calculated (Cochran, 1953). The estimate was calculated from the 
formula Y=~ where Y is the estimate of cercariae, N is the known 
number of rediae, and'lfy is the sum of cercaria! frequencies for n, 
the subsample of rediae (20) from each snail. The 95% confidence 
intervals could then be calculated using a t-test and the formula 
5 
tNs vn-n y + - -.,.,.-
"il ·~ where t is the t-value for a 95% confidence probability 
at n-1 degrees of freedom, and s is the standard deviation of cercariae 
from the subsample. The estimates were then combined with the known 
amount of free cercariae to give a final estimate of cercaria! fecundity 
(Appendix 2). A rank correlation coefficient between total number of 
cerc~riae and snail size was positive and significant (p ( .01) (Fig. 2). 
Further, a positive correlation coefficient (p( .01) was found for total 
number of cercariae when compared to number of rediae (Fig. 3). 
Differences in the numbers of cercariae per redia between 
trematode species were significant (1-way ANOVA, p ( .001) for grouped 
data (Appendix 3A). Differences between redial length among trematode 
species were also significant (1-way ANOVA, p (.001) (Appendix 3B). In 
addition, a positive rank correlation was found between redial length 
and snail size (p ( • 01) (Fig. 4). 
From 1089 snails examined (577 for f· californica and 512 for 
B. zonalis), 59 were found to be infected (54 of C. californica and 5 of 
B. zonalis) with one of the five larval trematodes mentioned above. A 
chi-square test of equality between two percentages (Sokal and Rohlf, 
1969) showed that the incidence of parasites in the two snail hosts was 
significantly different (p ( • 001) (Table II). The SBE locality had a 
significantly higher frequency of parasites than the other two sites 
with a chi-square test (Snedecor and Cochran, 1967) (Table III). No 
difference was detected between the infection percentages of f. califor-
nica and !· zonalis at Millerton or between the infection percentages of 
f. californica at SBW and Millerton. The sample sizes in each case 
except one were sufficient to detect a true difference between two per-
centages with a 99% certainty for p ( .001 (Sokal and Rohlf, 1969). The 
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C. calif~>rnica sample at Millerton had a 90% certainty at p ( .001. 
Cerithidea californica was separated into three size classes 
( ( 20.0mrn, 20.0-2S.Omrn, and ~2S.Omrn). A significant difference (p(.OS) 
in frequency of infection was fbund between each of the size classes 
for the pooled data (Table IVa). A notable exception was seen at SBE 
where no significant difference t.,.as detected between the 20.0-25.0mm and 
~ 25 .Omm classes (Table IVb). The other sampling sites followed the size 
class differences (p(.Ol) (Table IVc). The size range of parasitized 
C. californica was 19. 7-32.6mm. Batillaria zonalis was not considered 
in size class differences since parasitized snails were not found for 
all three size classes (Table IVd). 
The time involved in analyzing a snail with an infection 
averaged around four hours. At least 30 minutes was devoted to sepa-
rating the rediae and cercariae from the gonadal mucous. Approximately 
three hours were spent counting the individual larvae in 2mm sections 
until the entire gonad had been processed. Thirty minutes were used to 
measure the 20 rediae and count the cercariae in each of them. A 
period of rest was needed after each gonadal count in order to recu-
perate the examiner's eyes. 
Fig. 1 Number of rediae found in various sizes of C. californica 
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Fig.2 Estimated number of cercariae found in various sizes of C. 
californica according to trematode species 
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Fig. 3 Number of rediae and estimated number of cercariae found in C. 
californica according to trematode species 
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Fig. 4 Average redial length found in various sizes of C. californica 
according to trematode species 
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Table I. Incidence of Infection by Trematode Species 
Species Site % 
Cloacitrema 
michiganensis SBE 4.8 (9:188) 
SB\<l 2.9 (8:275) 
Millerton 
c. ca1ifornica 0.9 (1: 114) 
B. zona1is 0.4 (2: 516) 
EuhaElorchis 
californiensis SBE 6.9 (13:188) 
SBW 1.1 ( 3:275) 
Millerton 
c. ca1ifornica 0.9 (1: 114) 
B. zona1is 0.6 (3: 516) 
Parorchis 
acanthus SBE 2.6 (5:188) 
SBW 0.0 (0:275) 
Millerton 
c. ca1ifornica 1.8 (2:114) 
B. zona1is 0.0 (0:516) 
AcanthoEaryEhium 
sp. SBE 1.2 (3: 188) 
SBW 0.7 (2:275) 
Millerton 
c. ca1ifornica 0.0 (0:114) 
B. zona1is 0.0 (0: 516) 
Himasth1a 
rhigedana SBE 2.1 (4:188) 
SBW 0.0 (0:275) 
Millerton 
c. ca1ifornica 0.0 (0: 114) 
B. zona1is 0.0 (0: 516) 
Immature 
echinostomes SBE 0.5 (1: 188) 
SBW 0.7 (2:275) 
Hiller ton 
c. californica 0.0 (0:188) 
B. zonal is 0.0 (0:516) 
Table II. Snail Incidences of lnfection 
Species 
C. californica 
B. zonalls 
Examined 
577 
516 
Table III. Incidences of Infection by Site 
Site Examined 
SBE 188 
SBW 275 
Millerton 
c. californica 110 
B. zonal is 511 
Infected 
54 
5 
Infected 
35 
15 
4 
5 
16 
% Infected 
% 
9 .t~ 
1.0 
Infected 
18.6 
5.4 
3.5 
1.0 
Table IVa. Incidences of Infection by Size for C. californica -
all sites 
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Size (mm) Examined Infected % Infected 
<20.0 99 3 3.0 
20.0-25.0 243 17 7.0 
~25.0 235 34 14.5 
Table IVb. Incidences of Infection by Size for C. californica -
SBE transect 
Size (mm) 
~20.0 
20.0-25.0 
~25.0 
Examined 
20 
62 
97 
Infected 
2 
9 
14 
% Infected 
10.0 
14.5 
14.4 
Table IVc. Incidences of Infection by Size for C. californica -
SBW transect 
Size (mm) 
<20.0 
20.0-25.0 
~25.0 
Table IVd. 
Size (mm) 
<20.0 
20.0-25.0 
~25.0 
Examined 
71 
93 
67 
Incidences of Infection 
Millerton site 
Examined 
132 
310 
74 
by Size 
Infected 
0 
5 
8 
for B. zonalis -
Infected 
0 
1 
4 
% Infected 
0.0 
5.4 
11.9 
% Infected 
0.0 
0.3 
5.4 
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Discussion 
Parasite Populatidns. The determination of the number of rediae or 
cercari~e does not necessarily represent the total larval production of 
a trematode because lifetime cercaria! output should also be considered 
(Lim and Heyneman, 1972). Hm.,rever, since estimating overall fecundity 
in trematodes is very difficult due to the intermediate stages in their 
life cycle (Kennedy, 1975), estimating fecundity at the various stages 
is the method that must be used for determination of production. 
The aggregate data for five trematode parasites infecting 
Cerithidea californica showed that their fecundity as measured by the 
number of rediae or number of cercariae to be positively correlated 
with the size of the snail host. This result is similar to that found 
by Lim and Lie (1969) for echinostome trematodes but disagrees with 
data for trematode larvae in some freshwater snails (Hathies and Cart, 
1957). Cercaria! numbers for the trematode species in C. californica 
were more strongly correlated with snail size than redial numbers. 
Since cercariae riumbers were also correlated with rediae numbers, both 
can be used to estimate larval production and fecundity. Counts of 
cercariae were more laborious and error prone than the redial counts. 
Consequently, rediae numbers can be used instead of cercariae numbers 
with little loss of accuracy. 
Until now, redial studies used to measure larval trematode 
fecundity have been conducted exclusively in the laboratory (Mathies 
and Cort, 1957; Zischke, 1967; Lim and Lie, 1969; Donges, 1971; Lim 
and Heyneman, 1972). Information from field studies has been lacking 
but will provide a more realistic measure of cercaria! and/or redial 
production. Some techniques such as infecting snails with miracidia 
19 
are best done in the laboratory, however. 
Frequencies and Interactions of Gonadal Trematodes. Prevlously reported 
incidences of parasitism in _f; californica 0.1axon and Pequegnat, 1949; 
Martin, 1955; Yoshino, 1975) are much higher than the pooled average 
of 9.5% from the three sites in this study (18.6% at SBE, 5.4% at_SBW, 
and 3.5% at Millerton). The incidence from SBE accounts for over 60% 
of all parasitized snails although the SBW site was nearby on the same 
mud flat. This may be due to the absence of sui table final and 
secondary hosts for the trematodes. There may be differences between 
and within areas in the frequence of visitations by the definitive 
hosts. For instance, during the course of this study, Catoptrophorous 
semipalmatus was seen at SBE on every sampling date and is common 
throughout the year (Johnson,~ al, 1971), but it was not observed at 
the other sites. Moreover, many bird droppings were noticed at SBE 
but none were seen at the other areas. Larus californicus is a full 
time resident of the area (Johnson, ~ al, 1971) but was not seen at 
any of the sampling areas. Also, the second intermediate host reported 
from southern California, Fundulus parvipennis, is not found in the 
area (Banerjee, 1967); The absence of a specific second intermediate 
host may result in much smaller local incidences of infected definitive 
hosts. Indeed, local parasite populations of f. californica may be 
maintained by transport birds infected further south 1 that migrate to 
this area. Seasonal decreases in salinity associated with winter rain-
fall could also affect parasite survival. At SBE and SBW, the January 
salinity was 26%o compared to 36%o in November while at Millerton, the 
salinity dropped from 33%o in November to 24%o in January. The 
inl'•!Ction incidenel: ir1 iL zonali~; at l·fillertcn wa~; al~.~o lo•11 cumpar•·d to 
previous reports from Tomales Bay (Whitlatch, 1::172; Wi•_:man, unpuoU.::l!ed 
manuscript). 
Previous work show<; that.. only larger f.· calif'ornica. (greater 
than 20.0mm) are parasitized (Martin, 1955; Yoshino, 197~)). In thi~; ::;Ludy, 
only three snails under 20.0mrn were parasitized (19.7mm, l9.9mm, and 19.')rmn). 
A "gigantism" theory (Wesenburg-Lund, l93h; Rothschild, 1936) proposed that 
infection by larval trematodes caused an increase in the size of the snail 
host. This conclusion has been contradicted (Pan, 1965; Sogondercs-3ernal, 
1965; Zischke and Zischke, 1965) and does not seem to apply to this study 
since many large ;;nails were not infected. Rather, the assertion that the 
size of the snail is a limiting factor in the success of the parasite (Kendall, 
1964) would seem to apply to f. californica if related to gonadal maturity. 
'l'rematodes may require a certain level of gonadal development in a snail before 
infecting. Whitlatch (1972) reported that f. californica and B. zonaliB must 
reach a certain size before reproduction could occur. 
Parasite infection in gonads usually results in castration 
of the host (Kuris, 1974). Even though 52_.· californica might retain some 
gonadal tissue, all of the parasites observed in this study must either 
castrate or severely reduce reproduction in their snail hosts. Obrebski 
(1975) proposed an explanation of the general occurrences of parasite 
castration among many parasitic taxa.· 
No multiple infections were observed in this study although 
they have been reported in previous work involving f· californica (Hunter, 
1942; Martin, 1955; Yoshino, 1975). However, the number of concurrent 
infections expected by random chance did not equal 1.0. 
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This calculation was done by multiplying the probabilities of single 
infections (% infected/tOO) occurring for two trematodes suspected of 
infecting the same host and then multiplying that product by the total 
number of snails sampled (Yoshino, 1975). The two most common parasites 
in this study at any site, Cloacitrema michigenensis and Euhaplorchis 
californiensis showed an expected number of concurrent infections of 
0.62. It is possible that the sample sizes of the snail populations 
were insufficient to detect multiple infections. Another explanation 
might be the predatory habit of echinostome rediae (Lie, Basch, and 
Umathevy, 1965, 1966; Vernberg, Vernberg, and Beckerdite, 1969) in 
which they actively feed upon rediae and/or sporocysts of their O\Yll 
and other species. Of the five identified trematode species in this 
study, only Euhaplorchis californiensis was not an echinostome. 
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APPENDIX 1 
Results of Rank Ctirrelation Coefficient Analysis 
Redia volume vs. Cercariae/redia 
Correlation 9 c:nJ J/o Confidence 
Trematode Species Coefficient Upper 
C1oacitrema 
michiganensis 0.606** 0.818 
11 11 0. 532* 0. 778 
II II 0.905** 0.957 
II II 0.766** 0.893 
II 11 0.578** 0.804 
II II 0.855** 0.948 
II II 0.628** 0.828 
Parorchis 
acanthus 0. 360 0.685 
II II 0.640** 0.834 
11 II 0.625** 0.828 
II II 0.871** 0.942 
II II 0.861** 0.938 
Himasth1a 
rhigedana 0.820** 0.912 
II II o. 712** 0.869 
II II 0.647** 0.840 
11 ,·, 0.786** 0.903 
EuhaJ2lorchis 
californiensis 0.838** 0.928 
II II 0.837** 0.928 
II 11 0.891** 0.951 
AcanthoJ2aryJ2hium 
sp. o. 794** 0.909 
* = p<. 05 
** = P<·Ol 
Yl& Y2 =20 for each correlation coefficient 
26 
Limits 
Lower 
0.186 
0.084 
o. 740 
0.448 
0.146 
0.693 
0.218 
0.0 
0.237 
0.215 
0.662 
0.640 
0.553 
0. 353 
0.248 
0.487 
0.590 
0. 588 
0.705 
o. 502 
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APPENDIX 2 
Rediae counts and Estimated Total Cercariae for 
c. cal ifornica According to Snail Size and Trematode Species 
Size (mm) Rediae Est. Cercariae-95% CI Trematode 
19.9 211 ' 4019 620 c. .mich !£<.l_nens is 
23.6 410 2727 309 c. mich iganensis_ 
23.8 4 72 3165 203 c. michlganensi~ 
24.1 34 7 3891 377 E. californiensis 
24.1 426 3865 250 -----·----P. acan thtis 
----24.6 528 2084 439 c. E!ic~ ig.'l!~'ns_!_E_ 
25.1 31.4 4618 467 E. californiensis 
25.3 567 3526 378 P. acanthus 
26.0 438 4331 517 H. rhigedana 
26.1 579 6492 746 c. mici~.!_ganens i ~ 
26.2 465 4986 492 H. rhlgedana 
26.5 668 5149 543 P. acanthus 
----27.1 771 5480 776 P. acanthus 
27.5 126 1417 96 c. michiganensis 
27.6 450 5230 354 H. rhigedana 
29.1 853 6929 868 P. acanthus 
29.1 535 2220 300 Acanthoparyphiu~ sp. 
30.4 110 2065 135 H. rhigedana 
30.9 742 12341 863 Acanthoparyphium sp. 
32.6 11.34 14636 1147 c. michiganensis 
CI = confidence interval 
